A great deal of experimental work using perturbed angular correlation (PAC) has succeed in measuring hyperfine fields in Ce diluted in metallic systems, thus allowing the determination of the local impurity moment at low temperatures. Motivated by such experimental work on 140 Ce placed on a R site of the rare earth (R = Gd, Tb, Dy, Ho, Er) in RCo2, we theoretically discuss, within a simple model, the local magnetic moments and thereby calculate the magnetic hyperfine fields. The results are in good agreement with the experimental data. For the sake of comparison we recall our previous results on Ta d-impurity embedded in the same hosts.
A great deal of experimental work using perturbed angular correlation (PAC) has succeed in measuring hyperfine fields in Ce diluted in metallic systems, thus allowing the determination of the local impurity moment at low temperatures. Motivated by such experimental work on 140 Ce placed on a R site of the rare earth (R = Gd, Tb, Dy, Ho, Er) in RCo2, we theoretically discuss, within a simple model, the local magnetic moments and thereby calculate the magnetic hyperfine fields. The results are in good agreement with the experimental data. For the sake of comparison we recall our previous results on Ta d-impurity embedded in the same hosts. The description of the formation of local magnetic moments at impurities embedded in metallic systems has been the concern of condensed matter theorists since the pioneer work of Friedel. [1] On the other hand, from the experimental point of view, the technic of time differential γ − γ angular correlation has been largely used in the last years to obtain new information on the subject. [2] In this work we discuss the formation of magnetic moments theoretically in connection with magnetic hyperfine fields.
A single Ce impurity in R site of RCo 2 Laves phase compounds introduces in the host the following main effects:
(i) a local potential due to the different impurity and host charges;
(ii) a local change in the Coulomb interaction U I = U R , the superscript I referring to the impurity and R to the rare earth ; (iii) the hopping among neighboring sites is modified when the impurity is one of them.
(iv) Ce is in an intermediate valence state as inferred from experiments. [3, 4] So, the Ce 4f resonance is fractionally occupied and is strongly correlated and admixed with the d -host conduction state lying very close to the Fermi energy.
The Ce valence state (4f 1 5d 1 6s 2 in the atomic configuration) is 4f 1−δ 5d 1+δ 6s 2 , where δ is the amount of charge transfered from the 4f-resonance to the d-conduction band. It is claimed in the literature [4, 5] that the Ce valence state lies in the interval (3.2-3.4). In a previous calculation [3] intended for the CeGd we have selfconsistently obtained δ = 0.25. In the present paper we adopted the same value. * Electronic address: alexandre.oliveira@ifrj.edu.br
The main ingredients of the intermetallic host are the two conduction bands (s-p and d, the last including Coulomb correlation) of the rare earth R, whose centers depend on the 4f -polarization of R. This is the way the 4f electrons of the host rare earth R enter into the model.
The model includes also a magnetic coupling among the impurity and the Co magnetic moments. [6] The Hamiltonian describing the d and s-p contributions to the formation of the local magnetic moment is
where
defines an effective pure rare earth host which consists of conduction s-p and d bands polarized by the 4f electrons. In Eq. (2) (1) is the non-local potential given by
ε cI σ and ε dI σ are the s-p and d impurity state energy levels. The parameters τ c and τ d take into account the change in the hopping energy associated with the presence of the impurity. [6, 7] The last term of Eq. (1),
is the interaction energy between the magnetic field from the Co ions and the impurity spin. J sd and J dd are the exchange parameters and S Co is the average magnetic moment at Co sites.
The Green function method allows the calculation of the local density of states and thus the occupation number n 0,σ for each spin-σ orientation.
From this [6] we find
dz (5) for the contribution from rare-earth ions, where g γ ijσ (z) is the host Green function, α γ = (τ γ + 1) and
for the contribution from the Co nearest neighbor ions, γ referring to the s-p or to the d band. Z nn is the number of Co nearest neighbors. The effective potentials are
−σ are local term potentials. Although the impurity f electrons were not included in the Hamiltonian (1), their contribution to the magnetic moment can be found once the impurity 4f and the rareearth d polarizations are parallel, [3] 
where U df is an effective d-f Coulomb correlation involving d and f impurity electrons and ρ f (ε F ) is the density of states of the f resonance at the Fermi level energy. The magnetic hyperfine field B hf at the impurity site is
. (9) In Eq. (9): 
cp is the extra f -core negative polarization constant, the value adopted here being −150.0Tµ In Fig. 3 is shown the calculated total magnetic hyperfine fields B hf in comparison with respective experi-mental data. [2, 9] The variation of the magnetic hyperfine field along the series is smooth, its absolute value decreasing as we go from heavy rare-earth GdCo 2 to ErCo 2 .
Notice that the 4f -contribution given by Eq. (8) is responsible for the "shift" between Ce and Ta hyperfine fields. In both case, we adopted the value 1µ B for the Co magnetic moment in the RCo 2 systems. [10] We stress again that the intermediate valence Ce impurity gives an extra contribution to the core polarization hyperfine fields (see Eqs. (8) and (9)), as compared to the 5d Ta impurity. In this sense Ce impurity acts as a 5d impurity plus the 4f resonance contribution to the core polarization.
Gd
Tb Dy Ho Er In Fig.(4) we display the contributions to the hyperfine field [9] according to Eq.(9). The f term has the value to confirm the difference between Ce and Ta hyperfine fields, as commented above(cf. Fig 3) .
Some comments on possible orbital contribution are in order: It is known that most of rare earth impurities exhibits a strong orbital contribution when diluted in Fe, Co and Ni hosts. A theoretical study ([11] ) uses an Anderson-like model in which the degenerate 4f energy level of the rare earth impurity is strongly hybridized with a spin polarized electron band. This self-consistent calculation has shown that, for Ce impurity, there is no orbital contribution at all. Here, the host is RCo 2 and, as mentioned before, since Ce is in an intermediate valence regime, the Ce 4f impurity level lies very close to the Fermi level of the system. Thus the intermediate valence of Ce results from the competition between the atomic Hund's rule and metallic host effects which destroys a possible f-orbital moment and therefore no such orbital f-moment contribution is expected to appear here either. 
